The human immunodeficiency virus type 1 (HIV-1) causes an acquired immunodeficiency syndrome (AIDS).
HIV-1 infects human immune cells, specifically CD4
+ lymphocytes, which leads to AIDS and undermines reconstitution of immunity. The unique challenges of HIV/AIDS have triggered multidisciplinary investigators to study the virology of the pathogen and the biology of the host cells, especially the interactions of HIV-1 with T-lymphocytes, macrophages, and hematopoietic stem and progenitor cells (HSPC) [1] [2] [3] [4] [5] [6] [7] [8] .
To study the possibility that HIV-1 can infect multipotent progenitor cells and cause cell death and latent infection in cellular reservoirs, Carter et al. [9] have used different clones of the DNA plasmid, p89.6 to infect CD34 + multipotent hematopoietic progenitor cells (HPCs). They have found that some HPCs were infected in cell culture and rapidly killed. Carter et 
HIV actively infects HPCs
In their study, Carter et al. have used 7 vector constructs of 89.6 to make the pseudo-viruses of 89.6. They have not specified, however, whether they have used the HIV-1 89.6 virus in the studies of HIV infection, even for one of the HIV-1 infection assays. The HIV-1 89.6 virus is different from the p89.6 clone, the former being an HIV-1 RNA virus, and the latter a DNA clone of HIV-1 89.6. Despite using 7 clones, the vectors or the pseudo-viruses used in their infection assays apparently all contain a full-length gag that encodes the most abundant protein found in an HIV-1 virion, the HIV-1 Gag. HIV-1 Gag is a packaging protein which encapsulates the viral genome and is not removed (or uncoated) from the viral genome until the steps after entry.
The criterion for HIV-1 infection of HPCs employed by Carter et al. was to detect the intra cellular Gag after a spin infection. The pseudo-viruses have no difficulty in entering HPCs following the spin infection and they accomplish this more easily than a routine infection with the HIV-1 virus [1] [2] [3] [4] [5] [6] [7] . The HIV-1 Gag in the pseudo-viruses can be easily detected with flow cytometry without a further expression of gag gene from the pseudo-viruses in the cell. Such pseudo-viruses have been extensively used by others to carry out a single cycle infection, since after entering the cells, these pseudo-viruses cannot further infect or spread to other cells. Furthermore, the detected Gag could be from exracellular pseudo-virus that is sticking to the cells.
To 
Evidence that CD34 + bone marrow cells are infected in vivo
An important goal of bench experiments is to reveal the molecular mechanisms of whether HIV-1 is infective or not for HPCs ( + cells from 4 of 9 patients who were on HAART and had an undetectable viral load for longer than 6 months. Shown in the supplementary Table 1 , however, these patients were negative for intracellular Gag in CD34 + cells despite presence of HIV DNA. Furthermore, for the 6 patients who had a positive viral load in the Table 1 , only 3 of them were positive for intra cellular Gag. Since the intracellular Gag + were detected from the samples of only 3 of the total 15 patients, the positive detection of Gag is 3/15 but not 3/6 as the authors stated. Additionally, the authors do not indicate why these 6 patients were not tested for HIV DNA in their CD34 + cells. The data on the detection of HIV DNA on all 15 patients should have been included in the supplementary Table 1 , and it is misleading not to do so. A much lower positive rate of Gag + CD34
+ cells is found in patient samples, which is not in agreement with the in vitro results where pseudo-viruses were used to infect HPCs in culture and Gag was detected in HPCs as the only criterion employed to show that HIV actively infects HPCs.
To provide a balanced view of the results presented by Carter et al., additional studies on patient samples will be needed. It will be important to correlate the presence of integrated HIV DNA npg in cells with detection of intracellular Gag + expression. It is unexplained in the study of Carter et al. why Gag + CD34 + cells were detected in only 3 of 6 freshly isolated samples from patients with high viral loads and why the integrated HIV DNA data on these patients is not provided.
Other inconsistent results are present in the study of Carter et al., such as in the HIV pathology of bone marrow. It has been known that besides the CD34 + cells, bone marrow harbors the mononuclear progeny cells that are newly differentiated from HSPC. These include T-and B-lineage cells and bone marrow stromal cells [5] [6] [7] [8] [10] [11] [12] [13] . The infection of these cells has been previously reported to play important roles in HIV-1 pathology in the bone marrow [8] . Carter et al. report that bone marrow mononuclear cells immunodepleted for CD34
+ cells did not release HIV and rapidly died. This may require additional studies to define whether these cells were negative for the intracellular Gag or were negative for release of HIV. The exact reason why the bone marrow mononuclear cells, which were immunodepleted for CD34 + cells, did not release HIV and died rapidly needs to be identified. These cells appear to behave similarly to the HPCs that died rapidly but were actively infected by p89.6 in the same experiments.
A role of HSPC in HIV/AIDS and renewal of immune function
More studies remain to be performed to understand the molecular mechanism by which HIV-1 causes immunodeficiency. The role that HSPC play in this mechanism is of a particular interest. Much significant progress has been achieved in the past, including the isolation of HIV-1, virus cultivation in cell culture in vitro, identification of the HIV-1 lifecycle, and development of highly active anti-retroviral therapy (HAART). A final achievement will be finding the residual viral reservoirs and possibly eradicating HIV-1 infection and renewing a patient's immune function.
As HSPC are the best-studied human stem and progenitor cells, researchers have put a lot of effort to harness the power of HSPC in treatment of HIV/ AIDS and in the reconstitution of patient immunity. Methods to detect the shortlived human HSCs are not yet available and it remains an important goal to be able to identify these cells. Defining the relationship of HIV-1 infection of HSPC and the role of HSPC in immune reconstitution is undoubtedly important. Researchers must know the limitations and strengths of the techniques and methods in virology and stem cell biology that they employ. Finding ways to utilize and harness the HSPC to treat HIV/AIDS and to reconstitute immunity has become imperative. This requires careful study design from bench to the bedside, and correct, objective interpretation of results.
